Kiloparsec-scale dual active galactic nuclei (AGNs) are active supermassive black hole pairs co-rotating in galaxies with separations of less than a few kpc. Expected to be a generic outcome of hierarchical galaxy formation, their frequency and demographics remain uncertain. We have carried out an imaging survey with the Hubble Space Telescope (HST) Wide Field Camera 3 (WFC3) of AGNs with double-peaked narrow [O III] emission lines. HST/WFC3 offers high image quality in the near-infrared (NIR) to resolve the two stellar nuclei, and in the optical to resolve [O III] from ionized gas in the narrow-line regions. This combination has proven to be key in sorting out alternative scenarios. With HST/WFC3 we are able to explore a new population of close dual AGNs at more advanced merger stages than can be probed from the ground. Here we show that the AGN Sloan Digital Sky Survey (SDSS)J0924+0510, which had previously shown two stellar bulges, contains two spatially distinct [O III] regions consistent with a dual AGN. While we cannot completely exclude cross-ionization from a single central engine, the nearly equal ratios of [O III] strongly suggest a dual AGN with a projected angular separation of 0 4, corresponding to a projected physical separation of r p =1 kpc at redshift z=0.1495. This serves as a proof of principle for combining high-resolution NIR and optical imaging to identify close dual AGNs. Our result suggests that studies based on low-resolution and/or low-sensitivity observations may miss close dual AGNs and thereby may underestimate their occurrence rate on kpc scales.
Introduction
Galaxy mergers are at the heart of the hierarchical paradigm of galaxy formation (Toomre & Toomre 1972; Conselice 2014) . They transform disks to spheroids, shape the galaxy mass function, and provide routes to star formation (Sanders et al. 1988; Hernquist 1989; Perez et al. 2006; Li et al. 2008; Jogee et al. 2009 ). Because almost every bulge-dominant galaxy harbors a central supermassive black hole (SMBH; Kormendy & Richstone 1995; Ferrarese & Ford 2005) , mergers will result in the formation of SMBH pairs (separated by  a few kpc when the black holes (BHs) have not formed a gravitationally bound binary) and gravitationally bound binary SMBHs (usually separated by  a few pc; Begelman et al. 1980; Milosavljević & Merritt 2001; Yu 2002; Khan et al. 2013; Merritt 2013 ). Because gas-rich mergers are expected to trigger strong gas inflows to the galactic centers (Hernquist 1989; Hopkins et al. 2006) , both BHs in a galaxy merger can simultaneously accrete material and become visible as a dual 5 active galactic nucleus (AGN). The demographics of dual AGNs offers a test of the lambda cold dark matter (ΛCDM) paradigm (Volonteri et al. 2003; Yu et al. 2011; Van Wassenhove et al. 2012; Wang & Yuan 2012; Kulier et al. 2015; Steinborn et al. 2016; Rosas-Guevara et al. 2018; Tremmel et al. 2018) .
Dual AGNs also provide a unique probe of the possibly coupled evolution of massive galaxies and their central SMBHs (Foreman et al. 2009; Colpi & Dotti 2011; Popović 2012; Kormendy & Ho 2013) . The tight correlation between the SMBH mass and its host bulge properties (Ferrarese & Merritt 2000; Gebhardt et al. 2000) suggests that SMBHs may have co-evolved with their host stellar bulges (Silk & Rees 1998) . Understanding the physical processes that shape the observed scaling relations between SMBHs and bulges has become a central theme in galaxy formation studies (see Kormendy & Ho 2013 , for a recent review on the subject). In one of the leading models (e.g., Di Matteo et al. 2005; Hopkins et al. 2008) , gas-rich mergers trigger strong AGNs that deposit significant energy to the host galaxies and liberate most of the remaining gas, regulating the further growth of both stellar bulges and SMBHs. Simulations suggest that tidal perturbations in the nuclear regions become significant (therefore more likely to trigger nuclear activity and BH inspiral) when the two galaxies (and hence their SMBHs) are separated by  a few kpc (e.g., Mihos & Hernquist 1996; Hopkins et al. 2005) . This is also the stage when disks are being turned into bulges, and where the global galactic environment becomes highly perturbed. The rich dynamics and gas physics, and the fact that current facilities can resolve the scales between the two BHs, make dual AGNs a unique laboratory for the study of the effects of merger-induced AGNs on galaxy evolution.
The successive dynamical evolution of SMBH pairs in galaxy mergers is also of great interest (Merritt 2013) . Dual AGNs are the precursors of sub-pc binary SMBHs, with final coalescences that are expected to be a major source of lowfrequency gravitational waves (Thorne & Braginskii 1976; Vecchio 1997) . Detailed studies of dual AGNs and their host galaxies (e.g., Max et al. 2007; Shangguan et al. 2016) can address the poorly constrained initial conditions for sub-pc binary SMBHs. This is important for inferring the subsequent accretion and the coupled dynamical evolution (Ivanov et al. 1999; Escala et al. 2005; Cuadra et al. 2009; Dotti et al. 2009; Haiman et al. 2009; Liu & Shapiro 2010; Kocsis et al. 2012; Mayer 2013; Shapiro 2013; Farris et al. 2015; Shi & Krolik 2015) . A robust evolutionary timescale is needed to enable more realistic forecasts for current and future low-frequency gravitational wave experiments such as pulsar timing arrays (e.g., Jenet et al. 2004; McWilliams et al. 2012; Burke-Spolaor 2013; Huerta et al. 2015; Shannon et al. 2015; Babak et al. 2016; Middleton et al. 2016; Simon & BurkeSpolaor 2016; Colpi & Sesana 2017; Mingarelli et al. 2017) and space based missions such as the evolved Laser Interferometer Space Antenna (eLISA ; Haehnelt 1994; Cornish & Porter 2007; Trias & Sintes 2008; Centrella et al. 2010; Klein et al. 2016) . Finally, the frequency of dual AGNs may also provide clues on the physical nature of dark matter particles. For example, in fuzzy dark matter (FDM; Hu et al. 2000) , a form of dark matter that consists of extremely light scalar particles with masses on the order of ∼10 −22 eV, SMBH pairs would never get much closer than 1 kpc because FDM fluctuations may inhibit the orbital decay and inspiral at kiloparsec scales (Hui et al. 2017) .
Until a decade ago, only a few unambiguously confirmed dual AGNs with separations of  a few kpc were known (e.g., Owen et al. 1985; Junkkarinen et al. 2001; Gregg et al. 2002; Komossa et al. 2003; Ballo et al. 2004; Bianchi et al. 2008) . Given their significant importance and apparent scarcity that seems to contradict the naive expectation from ΛCDM, it is important to build up their statistics and to robustly determine their occurrence rate.
The past decade has seen significant progress in finding more evidence for dual AGNs (e.g., Comerford et al. 2009b; Wang & Gao 2010; Comerford et al. 2011 Comerford et al. , 2013 Fabbiano et al. 2011; Koss et al. 2011; Mazzarella et al. 2012; Shields et al. 2012; Tadhunter et al. 2012; Lena et al. 2018) . In particular, systematic searches have achieved orders of magnitude increase in the inventory of dual AGN candidates at (sub-) kpc and tens-of-kpc scales (e.g., Liu et al. 2011; Fu et al. 2018 ) with a subset of them confirmed in the X-ray (e.g., Green et al. 2010; Koss et al. 2012 Koss et al. , 2016 Teng et al. 2012; Liu et al. 2013b) , radio (e.g., Bondi & Pérez-Torres 2010; Fu et al. 2011 Fu et al. , 2015a Deane et al. 2014; Müller-Sánchez et al. 2015) , or mid-infrared (e.g., Tsai et al. 2013; Ellison et al. 2017; Satyapal et al. 2017) . Many candidates were selected from AGNs with double-peaked narrow emission lines in the SDSS 3" fiber aperture (e.g., Wang et al. 2009; Liu et al. 2010b; Smith et al. 2010; Ge et al. 2012; Barrows et al. 2013; Shi et al. 2014; Lyu & Liu 2016; Yuan et al. 2016) . In these systems, one [O III] velocity component is redshifted and the other is blueshifted relative to the systemic velocity (measured from stellar absorption features) by a few hundred km s −1 . Comerford et al. (2009a) suggested that such systems may be dual AGNs (see also Sargent 1972; Heckman et al. 1981; Zhou et al. 2004; Gerke et al. 2007; Xu & Komossa 2009; Barrows et al. 2012) , where the two [O III] velocity components originate from distinct narrow-line regions (NLRs) around two SMBHs, corotating along with their own stellar nuclei in a galaxy merger. Alternatively, these velocity splittings may be caused by NLR kinematics in single AGNs such as galactic disk rotation and/ or biconical outflows (Heckman et al. 1984; Axon et al. 1998; Veilleux et al. 2001; Greene & Ho 2005; Crenshaw et al. 2010; Rosario et al. 2010; Fischer et al. 2011; An et al. 2013 ). Follow-up observations have shown that the majority of AGNs with double-peaked narrow-line profiles are a reflection of NLR kinematics, and 10%-20% are due to dual AGNs (Liu et al. 2010a; McGurk et al. 2011; Shen et al. 2011; Fu et al. 2012; Comerford et al. 2015; McGurk et al. 2015; Villforth & Hamann 2015; Nevin et al. 2016) .
Using ground-based observations, Shen et al. (2011) have shown that spatially resolved observations for both [O III] emission and old stellar bulges are key in discriminating between alternative scenarios (see also Comerford et al. 2012; Fu et al. 2012; McGurk et al. 2015; Nevin et al. 2016) . In dual AGNs, because the two NLRs are distinct both spatially and in velocity, their dynamics are dominated by the potential of their individual stellar bulges. Hence we expect to see two concentrated [O III] nuclei (with extents determined by NLR size convolved with a point-spread function (PSF)) spatially coincident with two stellar bulges in a galaxy merger. NLRkinematics systems, on the other hand, will exhibit disk and/or biconical diffuse [O III] on top of a smooth, single-peaked stellar background as seen in the prototypical example of Mrk 78 (Fischer et al. 2011) . Despite significant effort in the last few years, the results from many previous studies have been limited by the failure to include both starlight and gas emission and/or the low image quality/sensitivity of the observations. As we illustrate in this paper, previous studies may have underestimated the frequency of close dual AGNs at kpc scales and the efficiency of the double-peaked-narrowline selection technique.
To better determine the frequency of dual AGN and the efficiency of the double-peaked-narrow-line technique in identifying dual AGNs, we have carried out a systematic survey with the Wide Field Camera 3 (WFC3) on board the Hubble Space Telescope (HST). To identify dual AGNs, we use UVIS imaging to resolve the double [O III] nucleus and Y-band imaging to detect the host-galaxy stellar bulges associated with the two [O III] nuclei as well as tidal features indicative of galaxy mergers (e.g., Lotz et al. 2008) . HST/WFC3's high image quality (0 1) in both optical and NIR and its high sensitivity allow us to explore dual AGNs at more advanced merger stages. As a proof of concept, here we report the discovery of a dual AGN in the galaxy Sloan Digital Sky Survey (SDSS)J092455.24+051052.0 (hereafter SDSSJ0924 +0510 for short) at redshift z=0.1495, with a projected angular separation of 0 4 (corresponding to a projected physical separation of 1 kpc). Figure 1 shows WFC3-IR/ Y-band imaging of SDSSJ0924+0510, which reveals a double stellar bulge as well as tidal features indicating an ongoing galaxy merger. Figure 2 displays UVIS-F621M and FQ575N images showing two concentrated [O III] emission-line nuclei that are spatially coincident with the double stellar bulge, which suggests the presence of two obscured AGNs (see Section 2.2 for details). While the double stellar bulge has been resolved previously in a ground-based NIR AO image (Fu et al. 2012) , the morphology of the [O III] emission-line gas was unclear in a previous seeing-limited ground-based integral-field spectrum (Fu et al. 2012) . Only with HST are we able to resolve the dual AGN system in SDSSJ0924+0510 by combining both the starlight and the emission-line-gas tracers.
We describe our target selection and spectroscopic measurements based on the SDSS spectrum in Section 2.1, the new HST observations and data reduction in Section 2.2, and data analysis in Sections 2.4-3.2, followed by discussion of the nature of the ionizing sources and the origin(s) of the double-peaked [O III] emission lines in SDSSJ0924+0510 in Section 3.3. We discuss our results and conclude in Section 4. A Friedmann-Robertson-Walker cosmology with Ω m = 0.3, Ω Λ = 0.7, and h = 0.7 is assumed throughout.
Observations, Data Reduction, and Data Analysis

Target Selection and Spectroscopic Properties
Our parent target sample consists of 195 AGNs with double-peaked [O III] emission lines with a median redshift z ∼ 0.1. They include both Type 1 and Type 2 sources and were compiled from samples in the literature based on systematic searches (Wang et al. 2009; Liu et al. 2010b; Smith et al. 2010) using the Seventh Data Release (Abazajian et al. 2009 ) of the SDSS (York et al. 2000) . At a completion rate of ∼14%, our HST SNAP program observed 28 out of the 195 approved targets. The SDSS fiber covers 1 5 (3.0 kpc at z = 0.1) in radius. For the two NLRs to be spatially distinct, they must be separated by 100 pc due to the intrinsic NLR size given Bennert et al. 2002; Schmitt et al. 2003; Greene et al. 2011; Hainline et al. 2014) . Thus, our sample is well suited for the search of kpc/sub-kpc dual AGNs. Here we focus on the discovery of a close dual AGN candidate in one out of the 28 targets, galaxy SDSSJ0924+0510, as a proof of concept of our approach. Results on the full observed HST sample will be presented in a future paper. The target galaxy SDSSJ0924+0510 was first identified by Smith et al. (2010) as a Type 2 AGN that exhibits doublepeaked [O III] emission lines. It was flagged as a "quasi-stellar object" (QSO) by the SDSS spectroscopic pipeline (Bolton et al. 2012 ) because its double-peaked profiles in the narrow emission lines including Hβ mimic "broad" emission lines. Figure 3 shows that its diagnostic emission-line ratios in both of the double-peaked [O III] velocity components either lie in or sit at the boundary of the "Seyfert" regime on the Baldwin, Phillips, & Telervich (BPT) diagram (Baldwin et al. 1981; Veilleux & Osterbrock 1987; Kewley et al. 2001 ). This suggests the presence of at least one AGN in the galaxy. We have measured the emission-line ratios based on the SDSS fiber spectrum by decomposing the double-peaked velocity components for the narrow emission lines as shown in Figure 4 . We employ a least-χ 2 based parametric model fitting (Liu et al. 2010b) . As illustrated in Figure 5 , we have carefully subtracted the stellar continuum using a customized code (Liu et al. 2009 ). We find that the velocity offset between the double-peaked components is 437 ± 18 km s
and is 433 ± 36 km s −1 in Hβ ( Figure 4) ; i.e., it is consistent with that of [O III] within the uncertainties.
HST/WFC3 F105W, F621M, and FQ575N Imaging
We observed SDSS J0924+0510 on 2012 April 18 UT with the WFC3 on board the HST in Cycle 19 (Program: SNAP 12521, PI: X. Liu). It was imaged in the UVIS/F621M (with pivot wavelength 6 λ p = 6216.7 Å and effective width of 631.0 Å; (Dressel 2010)), UVIS/FQ575N (with λ p = 5755.9 Å and effective width of 12.9 Å), and IR/F105W (wide Y-band, with λ p = 10489.5 Å and effective width of 2923.0 Å) filters within a single HST orbit. The total net exposure times were 239 s, 100 s, and 900 s in the F105W, F621M, and FQ575N filters, respectively. The exposure time in the IR-F105W filter was chosen to achieve a signal-to-noise ratio (S/N) of at least 50 per 0 13×0 13 aperture to resolve two stellar nuclei separated by 0 1 superimposed on a bright galaxy background given the typical brightness of our targets. The exposure times in the UVIS-F621M and UVIS-FQ575N filters were determined by maximizing the S/N in the emission-line detection given a fixed total exposure The grayscale area represents the number density of 31,179 emission-line galaxies from the SDSS fourth data release (DR4) (Kauffmann et al. 2003) . The solid curve is the empirical separation between H II regions and AGNs (Kauffmann et al. 2003) , and the dashed curve is the theoretical "starburst limit" (Kewley et al. 2001 (Kewley et al. , 2006 . Pure star-forming (SF) galaxies lie below the solid curve, AGN-dominated galaxies lie above the dashed curve, and AGN-H II composites lie in between. The dotted curve is the empirical separation between Seyferts and Low Ionization Nuclear Emission-line Regions (LINERs; Schawinski et al. 2007 ). The redshifted component of SDSSJ0924+0510 falls in the Seyfert regime, whereas the blueshifted component sits at the division between Seyferts, LINERs, and AGN-H II composites. time as constrained by the length of an HST SNAP orbit after subtracting the exposure time needed by the F105W imaging.
The F105W filter covers rest frame 7850-10392 Å, which traces the continuum emission from the old stellar populations in galaxy bulges. Figure 5 shows that the FQ575N filter spans rest frame 5000-5011 Å, covering the [O III] λ5007 line for SDSSJ0924+0510. An image of the adjacent continua was taken using the F621M filter to measure and subtract the underlying host-galaxy stellar continuum. The WFC3-UVIS charge-coupled device (CCD; IR detector) has a sampling of 0 039 (0 13) pixel −1 . The F105W (F336W) observations were dithered at four (three) positions to properly sample the IR PSF and to reject cosmic rays and bad pixels. A 1k×1k (512×512) sub-array was employed for the F336W (F105W) imaging, yielding a field of view (FOV) of 40″×37″ (72″×64″).
We reduced the WFC3 data following standard procedures using the calwf3 and MultiDrizzle tasks contained in the STSDAS package in PyRAF. After the calwf3 reduction, the images were processed with MultiDrizzle to correct for geometric distortion and pixel area effects. Dithered frames were combined, rejecting cosmic rays and hot pixels. The final image product is calibrated both photometrically and astrometrically. Because MultiDrizzle relies on the measured and catalog positions of guide stars for absolute astrometric calibration, the absolute astrometric accuracy of a WFC3 image processed by MultiDrizzle is limited by the positional uncertainty of guide stars (0 2) and the calibration uncertainty of the fine guidance sensor to the instrument aperture (∼0 015). The relative astrometry accuracy of WFC3 images is primarily limited by the uncertainty in the geometric distortion correction of the camera. The typical relative astrometry accuracy is 0 004 for the UVIS and 0 01 for the IR images. The double stellar nucleus and the tidal features suggest that the system is undergoing a merger event. Because of the small angular separation of the two bulges in this case, only HST or adaptive-optics (AO)-assisted ground-based imaging (Fu et al. 2012) can resolve the two components, which would have been missed with lower resolution observations.
Surface Brightness Profile Fitting
The F105W/Y-band image probes old populations in the host-galaxy stellar bulges. It allows us to explore detailed hostgalaxy morphology and low-surface-brightness features indicative of mergers. We use GALFIT (Peng et al. 2002 (Peng et al. , 2010 , a two-dimensional fitting algorithm, to model the multiple structural components in SDSSJ0924+0510. We aim to decompose the two stellar nuclei and any associated disk components (which may be relevant if disk rotation is the origin of the double-peaked [O III] profiles), and to measure low-surface-brightness tidal features in the host galaxy. GALFIT is well suited for these goals. As there are no bright stars within the FOV of our target SDSSJ0924+0510, we use stars within the FOVs of other targets in our sample to model the PSF. We model the PSF by averaging seven bright but unsaturated stars in the field of our targets. 7 We adopt the simplest models including a PSF (for any unresolved nucleus) and a single Sérsic model (convolved with a PSF) with a variable index n for each merging component. Figure 5 . HST/WFC3-UVIS filter throughputs and stellar continuum modeling for SDSSJ0924+0510. The lower panel shows the original SDSS fiber spectrum with the best-fit stellar continuum model overlaid on top (plotted in red). Also shown is the emission-line-only residual spectrum with the detected emission lines marked, and the 1-σ error spectrum (cyan dashed curve) offset by −5×10 −17 erg s −1 cm −2 Å −1 for clarity. The upper panel displays the system throughput of the two WFC3-UVIS filters that were adopted for the target. The narrow-band filter FQ575N (the green solid curve) covers the [O III] λ5007 emission, and the medium-band filter F621M (the blue dashed curve) samples the stellar continuum at rest frame 5920-6520 Å, just redward of the [O III] λ5007 emission line. 7 The HST PSF is known to vary with time so that PSF mismatch may contribute to the systematic uncertainty. To quantify this, we have carried out tests with different PSF models constructed using field stars in different targets in our sample. Our results suggest that the systematic effect due to PSF mismatch is likely to be minor.
The Sérsic model profile is
where Σ(r) is the pixel surface brightness at radial distance r, Σ e is the pixel surface brightness at the effective radius r e , and κ is a parameter related to the Sérsic index n. n=1 for an exponential profile, whereas n=4 (corresponding to κ = 7.67) for a de Vaucouleurs profile. Bulge-dominated galaxies have high n values (e.g., n > 2), whereas disk-dominated galaxies have n close to unity. We tried different combinations of models until we reached the minimum reduced χ 2 for the smallest number of parameters. We did not fix any of the model parameters except for the model centroid, which is fixed at the peak position of each nucleus. This helps to decompose the two nuclei, in particular for the Y-band analysis. A constant sky background was employed in the fits. Our best-fit model contains a PSF+Sérsic profile for each nucleus. This is preferred over a simpler model with a Sérsic profile for each nucleus (with χ 2 /ν = 1.8 for ν = 149 degrees of freedom for the PSF+Sérsic model compared to χ 2 /ν=3.4 for ν=151 degrees of freedom for the Sérsic-only model; the χ 2 /ν values were calculated over the central 1 6×1 6 region as shown in the inset in Figure 6 ), even though the PSF components are much fainter than the Sérsic ones ( Table 3) . Physically the PSF components may represent continuum emission from the unresolved NLRs, which are narrow cores in the surface brightness profiles, contributing only a minor fraction to the total light dominated by the host-galaxy starlight. We also tried to include more Sérsic model components, but failed to robustly decompose the bulge and disk components for each nucleus due to model degeneracies and the close separation between the two nuclei. Figure 6 shows our best-fit model and the residual of the F105W/Y-band image. Tidal features are more clearly seen in the residual map both to the north and the far east of the merging nuclei. We have also carried out surface brightness profile fitting using GALFIT for the F621M image as shown in Figure 7 . This is to estimate the colors and mass-to-light ratios (M/L) of the double nucleus (see Section 3.1). The two nuclei are much better resolved in the F621M band due to its smaller PSF. Table 3 lists our best-fit model parameters. Due to degeneracies in the models and systematic effects involved in the data, the listed uncertainties reported by GALFIT should be treated as lower limits to the real uncertainties.
Continuum Subtraction
As shown in Figure 5 , the FQ575N filter contains not only [O III] λ5007 emission but also stellar continuum emission from the host galaxy. To characterize the spatial distribution of pure [O III] λ5007 emission, we first subtract the underlying continuum contained in FQ575N. We estimate the continuum by scaling the F621M image, which samples the adjacent continua. We calculate the scale factor by convolving the SDSS fiber spectrum with the HST/WFC3 FQ575N and F621M filter response functions. We have neglected any possible spatial variation of the stellar continuum spectral shapes across the FQ575N and F621M filters enclosed within the SDSS 3″-diameter fiber coverage. This approximation contributes to the systematic uncertainty of our continuum subtraction. Figure 2 shows the raw FQ575N image, which contains both [O III] λ5007 emission and stellar continua, the F621M image, and the continuum-subtracted [O III] λ5007 image. There is a small offset in the absolute astrometry between the F105W and F621M images so that the peak positions of the two stellar nuclei do not perfectly align across the two images. This is best explained by error in the absolute astrometry. We do not correct for the offset as the two-band positions are consistent with each other within the astrometric uncertainties. We performed aperture photometry using a 3″-diameter circle of the continuum-subtracted [O III] λ5007 image. The resulting monochromatic [O III] λ5007 luminosity density in FQ575N ( Table 2 ) agrees with that inferred from the integrated [O III] λ5007 emission-line luminosity measured from the continuum-subtracted SDSS spectrum (Table 1) within the uncertainties. This general agreement suggests that the effect of neglecting the spatial variation of the stellar continuum spectral shapes across the FQ575N and F621M filters is small, and that our continuum subtraction was properly done. Table 3) . Right: residual image, better illustrating tidal features both in the nuclear regions and to the far east of the merger. We adopt an asinh scale in the data and model images and a linear scale in the residual image. The inset in each image is zoomed in on the central region with a FOV of 1 6×1 6 centered on the eastern nucleus.
Results
Host-galaxy Morphology and Stellar Mass Ratio
HST Y-band images show that the host galaxy is a merger in which the eastern stellar nucleus is ∼1 mag brighter than the western stellar nucleus ( Figure 6 and Table 3 ). Our GALFIT analysis suggests that the eastern nucleus is bulge-dominated (n Y > 2), whereas the western nucleus is more like disk galaxies (n Y < 2). We estimate that the Y-band (F621M-band) luminosity ratio between the two stellar nuclei to be ∼4.4:1 (∼4.9:1). We estimate stellar masses for the double nucleus based on the Y-band magnitudes and F621M−Y colors. We apply k-corrections to convert m Y and m F621M into SDSS z-and r-band magnitudes in the rest frame, assuming a flat local spectrum (Blanton & Roweis 2007) . We use z-band absolute magnitude and r−z color to estimate stellar masses based on the empirical relation for stellar M/L provided by Bell (2003) ,
where M * is the galaxy stellar mass in solar units, and M z,e =4.51 is the absolute magnitude of the Sun in the z-band. The estimated stellar mass ratio of the two stellar nuclei is ∼4:1, suggesting a minor merger system (Conselice 2014). Bennert et al. 2006; Greene et al. 2011; Hainline et al. 2013 Hainline et al. , 2014 , the expected NLR size is ∼0.6 kpc 8 (∼0.5 kpc) for the eastern (western) nucleus. The estimated NLR size is indeed smaller than the host-galaxy effective radius that we measure ( Table 3) .
Morphology of the [O III] Emission-line Nuclei and Relation to the Double Stellar Bulge
We estimate the flux ratio between the two [O III] λ5007 nuclei to be ∼1.5±0.8. This ratio is consistent within the uncertainties with the flux ratio between the two velocity peaks seen in SDSS spectrum (∼2.3; Table 1 ). Without highresolution spatially resolved spectroscopy, it is unclear whether there is a one-to-one association between the [O III] λ5007 surface brightness peaks seen in imaging and the velocity peaks observed in SDSS spectrum. While the redshifted component is brighter in [O III] than the blueshifted component in the spatially integrated spectrum, the [O III] fluxes of the two nuclei are consistent within errors, and therefore further highresolution spatially resolved spectroscopy is still required to Figure 7 . Similar to Figure 6 , but for the F621M-band image decomposition from GALFIT analysis. Our best-fit model from GALFIT analysis consists of a PSF +Sérsic model for each nucleus ( Table 3 ). Due to the smaller PSF in the optical, the double nucleus is better resolved in the F621M imaging here than that in the Y-band imaging shown in Figure 6 . Hainline et al. (2013) yields consistent results with our default values after taking into account the difference between R int (defined as the size at a limiting surface brightness corrected for cosmological dimming; Liu et al. 2013a) , which was adopted by Hainline et al. (2013) , and R e (i.e., the effective radius enclosing half of the total luminosity) as in our measurement here. R int is typically 3-5 times larger than R e (Liu et al. 2013a ). We use R e because it is relatively insensitive to the detection threshold or to faint extended emission. Note. Columns (2) and (3): velocity offsets relative to the host-galaxy systemic velocity for the redshifted (i.e., SDSSJ0924+0510 R) and blueshifted (i.e., SDSSJ0924+0510 B) velocity components measured from our best-fit model (Figure 4 . Column (4): FWHM of the [O III] emission lines measured for each velocity component. Columns (5) and (6): observed (i.e., uncorrected for intrinsic extinction) [O III] λ5007 emission-line flux and luminosity measured from the continuum-subtracted SDSS fiber spectrum; Columns (7) and (8): AGN diagnostic emission-line flux ratios; Column (9): electron density estimated using the diagnostic line ratio
. Column (10): emission-line flux ratio; Column (11): color excess estimated from the emission-line flux ratio Hα/Hβ (Column 10) using the Balmer decrement method, assuming the intrinsic case B values of 2.87 for T=10 4 K (Osterbrock 1989 ) and the extinction curve of Cardelli et al. (1989) with R V =3.1.
confirm which velocity component corresponds to each nucleus. Table 2 lists all measurements.
3.3. Dual AGN, Galactic Disk Rotation, and/or Biconical Outflow?
We address whether our target is a galaxy merger hosting a dual AGN, a rotating disk, and/or a biconical outflow driven by a single AGN. First, the HST Y-band image clearly reveals a double stellar nucleus and tidal features associated with an ongoing merger. The projected angular separation of 0 4 (corresponding to a projected physical separation of 1 kpc at z=0.1495) suggests that our target is at a relatively more advanced merger stage than most of the known dual AGNs that have nuclear separations above a few kpc at least. Second, the spatial distribution of the [O III] λ5007 emission points to the dual AGN scenario. In the biconical outflow case, one would expect to see diffuse [O III] emission against a smooth stellar background. Such systems often show extended [O III] emission on both sides of the stellar nucleus, as in Mrk 78 (Fischer et al. 2011) . While a dual AGN and a biconical outflow are not necessarily mutually exclusive (e.g., Greene et al. 2012 ) and galaxy mergers can trigger both AGN and outflows, it is unlikely that the emission from the outflow gas would be spatially concentrated at the two stellar nuclei in a merger. Finally, the consistent but separately measured velocity offset in the Hβ and [O III] emission lines (Section 2.1, Figure 4 ) suggests a lack of ionization stratification (higher ionization emission lines arise from regions closer to the ionizing sources; e.g., Zamanov et al. 2002; Komossa et al. 2008 ) which disfavors a canonical biconical outflow scenario (e.g., Barrows et al. 2013) .
While single AGNs with rotating disks hosted by isolated non-merging galaxies can also generate double-peaked [O III] profiles (e.g., Shen et al. 2011) , our target SDSSJ0924+0510 clearly hosts a galaxy merger with two stellar nuclei, both of which are associated with spatially concentrated [O III] gas clouds. However, we cannot rule out the possibility of disk rotation in the gas clouds associated with one or both of the stellar bulges. In the dual AGN scenario, such disk rotation may also contribute substantially to the velocity splitting observed in the spatially integrated SDSS spectrum that caused the selection of the target in the first place. Disk rotation has also been suggested by galaxy merger simulations featuring unusually high disk-to-bulge ratios (Blecha et al. 2013) .
The case of a dual AGN in SDSSJ0924+0510, however, is not yet water-tight. Given the proximity of the two nuclei, it is possible that only one BH is actively accreting and ionizing the gas in both components (e.g., Moran et al. 1992) . Highresolution X-ray and/or radio imaging spectroscopy is needed to further pin down the nature of the ionizing sources in SDSSJ0924+0510. To resolve the double nucleus and to measure their intrinsic accretion properties, X-ray observations would be extremely challenging even with the superb spatial resolution and sensitivity of Chandra, given the small angular separation between the two nuclei and the likely low count rate in the X-rays as estimated from [O III] luminosity (Liu et al. 2013b ). Our target is not particular radio bright either (covered but undetected in the Faint Images of the Radio Sky at Twenty Centimeters (FIRST) survey; White et al. 1997) , making it more challenging for any future radio confirmation. Future high-resolution spatially resolved studies of NIR coronal lines (e.g., with integral-field unit spectroscopy with Keck/Optical Space Interferometer: Russian Instrument for Stellar astronomy (OSIRIS), Very Large Telescope (VLT)/the Note. Columns (2) and (3): coordinates of the double nucleus measured from HST Y-band image. Typical absolute (relative) astrometric uncertainty is 0 2 (0 01); Columns (4) and (5) Note. Columns (2) and ( color index between the SDSS r-and z-bands estimated using the F M Y 621 -colors after applying rest-frame k-corrections; Column (12): stellar mass for each nucleus calculated using the M/L estimates from the M z (Column 10) and r−z color (Column 11) assuming the empirical calibration of Bell (2003) . See Section 3.1 for details. The uncertainties listed are reported by GALFIT and should be treated as lower limits to the real uncertainties. For the eastern nucleus, M z , r−z, and M * are estimated from the PSF+Sérsic combined total, whereas they are directly taken from the Sérsic model estimates for the western nucleus.
SINgle Faint Object Near-infrared Investigation (SINFONI), or James Webb Space Telescope (JWST)/Near-Infrared Spectrograph (NIRSpec) may be able to detect the unambiguous presence of a dual AGN by mapping out the ionization gradients in the merger (e.g., McGurk et al. 2015) .
In conclusion, we suggest that our target SDSSJ0924+0510 most likely hosts a dual AGN, although we cannot rule out the possibilities of only one active BH ionizing both galaxies, or the the co-existence of a disk rotation and/or outflow components that may also contribute to the double-peaked [O III] profile seen in the spatially integrated SDSS spectrum. Nevertheless, as we have demonstrated here, the combination of high-resolution imaging in the IR and in [O III] is a powerful approach to identify close dual AGNs.
Summary and Discussion
Kpc-scale dual AGNs are active SMBH pairs co-rotating in merging galaxies with separations of less than a few kpc. Despite decades of searching, and strong theoretical reasons to believe that they are common, the exact frequency and demographics of dual AGNs remain uncertain. We have carried out a snapshot survey with the HST/WFC3 to systematically identify close dual AGNs. We exploit a welltested technique based on the selection of AGNs with doublepeaked [O III] emission lines but have reached the limits of what we can learn from the ground. HST/WFC3 offers high angular resolution and high-sensitivity imaging both in the NIR (to resolve the old stellar bulges) and in the optical for [O III] (to trace the ionized gas in the NLRs), both of which are expected to be associated with the two SMBHs. The combination of observing both the old stellar bulges and the NLR [O III] emission has proven to be key in sorting out alternative scenarios (e.g., Shen et al. 2011; Fu et al. 2012) . With HST/WFC3 we are able to explore a new population of close dual AGNs at more advanced merger stages and to better determine the efficiency of the double-peaked selection technique. In this paper we have reported our discovery of a dual AGN with projected angular separation of 0 4 in the galaxy SDSSJ0924+0510 at redshift z=0.1495, corresponding to a projected physical separation of r p =1 kpc. This serves as a proof of concept for the method of combining highresolution narrow-and medium-band imaging to identify close dual AGNs. Although based on only one system, our result has demonstrated that studies based on low-resolution and/or lowsensitivity observations may miss some close dual AGNs, and suggests that they may underestimate the occurrence rate of dual AGNs as well as the efficiency of the double-peaked emission-line selection technique.
The two stellar nuclei in SDSSJ0924+0510 were resolved by Fu et al. (2012) using Keck AO-assisted K s -band imaging. The authors categorized SDSSJ0924+0510 as "ambiguous" as the NLR was unresolved by the seeing-limited optical spectroscopy conducted with the Supernova Integral Field Spectrograph (SNIFS) on the Hawaiian 2.2 m telescope. As discussed by Fu et al. (2012) , the SNIFS data had lower spatial resolution than that of the AO/HST images, and thus could not resolve structures on scales smaller than ∼1 2, so that the authors could not rule out the possibility of emission-line regions that were spatially coincident with the two stellar nuclei. By directly imaging SDSSJ0924+0510 both in the NIR and in [O III] λ5007 emission in the optical using HST/WFC3, we have spatially resolved the two NLRs in SDSSJ0924+0510, thus demonstrating the importance of matching the spatial resolution in [O III] imaging for gas with that in the NIR for stars. While it should also be technically feasible, at least in principle, to resolve the weak [O III] emission with seeing-limited spatially resolved spectroscopy under good seeing conditions with a larger telescope by employing the technique of spectroastrometry (e.g., Bailey 1998; Whelan & Garcia 2008) , detecting a marginally resolved faint structure on top of a host-galaxy stellar background would be challenging in practice.
It is still an open issue whether the presence of a dual AGN is directly causing the velocity splitting seen in the SDSS spectrum, which caused us to select this target in the first place. Simulations suggest that the velocity field in mergers is likely much more complicated than the simple expectation from our working hypothesis, in which the velocity splitting traces the orbital motion of two NLR clouds co-rotating with two host stellar bulges, in particular in galaxy mergers at more advanced merger phases (Blecha et al. 2013 ). High-resolution spatially resolved spectroscopy is needed to determine whether there is a one-to-one association between the [O III] λ5007 peaks seen in imaging and the velocity peaks observed in the SDSS spectrum, although such an association is not a requisite condition for the presence of a dual AGN.
The selection of double-peaked emission line profiles induces a selection bias (e.g., against face-on mergers with smaller line-of-sight (LOS) pairwise velocity offsets). It may not be the most efficient approach in identifying dual AGNs (e.g., Fu et al. 2012) . While the absolute frequency of dual AGNs may indeed be underestimated using the double-peaked technique if the associated selection bias were not properly accounted for, the relative frequency of dual AGNs on smaller scales as compared to that on larger scales should not be affected, if the LOS pairwise velocity offset is randomly distributed for galaxy mergers at different phases (on the subkpc/kpc scales being considered at least). We can correct for the incompleteness due to the selection of LOS velocity offsets by calibrating against the frequency on larger scales obtained from AGN pair statistics (Ellison et al. 2011; Liu et al. 2011 Liu et al. , 2012 , which is not subject to the double-peak selection bias. Taken at face value, the frequency of kpc-scale dual AGNs as inferred from the double-peaked selection sample (e.g., ∼0.1% among all AGNs; Liu et al. 2010a; Shen et al. 2011; Fu et al. 2012 ) is broadly consistent with that derived based on the AGN pair statistics (∼0.1%-0.4% on kpc scales 9 ; Liu et al. 2011 Liu et al. , 2012 . This general agreement is not particularly surprising, considering that both approaches have selection incompletenesses (e.g., the AGN pair sample of Liu et al. 2011 is more incomplete for dual AGNs at <5 kpc due to the angular resolution limit of the SDSS imaging). Our optical study is complementary to searches based on AGN selection and dual-AGN identification in the X-rays (e.g., Koss et al. 2012) , radio (e.g., Fu et al. 2015a Fu et al. , 2015b , and mid-IR (Tsai et al. 2013; Ellison et al. 2017 ), although it is not straightforward to directly compare the pairs' statistics across 9 Here it is assumed that the fraction of AGN pairs on kpc scales is related to the fraction on tens-of-kpc scales as f kpc ≈f tens-of-kpc ×τ kpc /τ tens-of-kpc . This in turn assumes that (i) the fraction of observed pairs within a certain range of projected separations scales linearly with the time τ that a merger spends in that range, and (ii) the probability that two AGNs in a merger are simultaneously active does not strongly depend on the merging phase over the range of separations of a few kpc to tens-of-kpc scales (see Section4.1 of Liu et al. 2011 ). different wavelengths because of various systematic effects that may give rise to some apparent disagreement (e.g., due to differences in sample sizes, AGN populations, merger phases, and host-galaxy or host-halo properties). In future work we aim to address the demographics of our overall HST observed sample in order to directly compare the frequency of dual AGNs as inferred from the double-peaked selection technique with that from the AGN pair statistics. It would also be interesting to carry out more follow-up for new large samples of AGNs with double-peaked narrow emission lines at higher redshift (e.g., Lyu & Liu 2016; Yuan et al. 2016 ) to address their possible redshift evolution or luminosity dependence (e.g., Yu et al. 2011; Steinborn et al. 2016) .
